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B Kypce mnsnaratotca n3bpaHHble TeMbl KBAHTOBOM MEXaHUKM.

N3noxKeHne BKAOYAET ONEpPaTopHbIN U MaTPUYHbLIN MEeToAbl

KBAaHTOBOW MeXaHMKM, KBAHTOBaHWE PU3NUYECKUX CUCTEM, TEOPUIO YIIOBOTO MOMEHTA M CMMHA,
TEOPUIO BO3MYLLEHNI M KBAHTOBbIX NEpPexonoB, 3aa4y pPaccesHus, BTOPUYHOE KBAaHTOBAHME,
PenATUBUCTCKOE OMWUCaHMe, pacyeT 30HHOW CTPYKTYpbl TBEPAbIX Tea, HEKOTopble MOHATUA

KBQHTOBOW Teopuu nond. B Kypc BKAOYEHbl npumepbl M 334ayunm M3 pasHbix obnacrtew
KBAaHTOBOW QU3UKM.

3. KpaTtKkasa aHHOTauuma:

Short annotation:

The course outlines selected topics of quantum mechanics. The presentation includes the
operator and matrix methods of quantum mechanics, the quantization of physical systems, the
theory of angular momentum and spin, the perturbation theory and theory of quantum
transitions, the scattering problem, secondary quantization, relativistic description, band
structure of solids, elements of quantum field theory. The course includes examples and tasks
from different areas of quantum physics.

4. HazBaHue nporpammbl u cemecTtp: Pusnka NoNynpoBoAHUKOB, 3 cemecTp
Study program and semester: Physics of semiconductors, 3" semester

5. leTanbHOe onucaHue Kypca c pasbueHmem no nekumam/cemmHapam/npakTmkam:

1 Onepatopsbl 1 Habnogaemble. BonHosaa ¢yHKUMA MpuHLMN nekuma
HeonpeaeneHHOCTU. HecTaunoHapHoe ypasHeHue LpeauHrepa.
BpemeHHas ssontouma. lMpewueccma cnMHa B MarHMTHOM nose. 3agadva ob
OCLMANAUMAX HEUTPUHO.

2 OVcKpeTHbIN cneKkTp. KBaHTOBaA AMa ¢ 6€CKOHEYHbIMMW CTEHKAMM U nekumsa
KOHEYHOW rNybuHbl. PeanbHble KBAHTOBbIE IMbl B TeTEPOCTPYKTYpaXx.
[eTepoCTPYKTYpPbl C MHBEPCHOM 30HHOWM CTPYKTYPOM. 3a4a4a 0
KPUTUYECKOM TOILMHE KBaHTOBOM aAMbl HgTe/CdTe. AHanorma mexkay
MOAAMM B ANINEKTPUYECKOM BOJIHOBOZE M BONHOBOM GYHKUMMU
HOCUTENA B O4HOMEPHOM NOTEHLMANBHON AME.

3 TyHHennpoBaHue Yyepes NoTeHUMaNbHbIM Bapbep. YpaBHeHMe nekumsa
Hepas3pbIBHOCTU N COXpaHeHUe noToka. MeTtoa matpuL, nepeHoca.
TyHHenmpoBaHue Yyactul,. Pe3oHaHCHOe TYHHennpoBaHue bpeiTa-
BurHepa, BbiBOA, KO3PDMUMEHTA NPOXOKAEHUA.

4 [BnxKeHune aneKTpoHa B MarHUTHOM none. YposHu JlaHaay. nekuma
MpeobpazoBaHne BOAHOBOM GYHKLUUM NPU USMEHEHUN KaIMOPOBKMN




BEKTOPHOro noteHumana. LlenouncneHHoln KBAHTOBbIN 3pPeKT Xonna.
BonHoBaA GyHKLMA 3NEKTPOHA B MarHUTHOM MoJie B ABYMEPHOM C/yyae.
MarHuTHaa annHa. KBaHToBaHMe nonepeyvyHon nposoanmocTu. Kpaesble
COCTOAHUA.

OnepaTop yrn10BOro MOMeHTa Kak reHepaTop BpaleHuid. Boisog,
OCHOBHbIX CBOMCTB ONepaTopa yr/10BOro MOMEHTA M3 KOMMYTALMOHHbIX
COOTHOLEHMM NoBOPOTOB. OpbUTaNbHbIA MOMEHT U CMIUH.

nekymn

CTaumMoHapHaA Teopusa BO3MyLeHN. KBaHTOBOpa3mepHbIn apdeKT
LLItapKa B cBETOAMOAHbBIX reTepocTpyKTypax. CMMH B MarHUTHOM MnoJe.
dddeKT 3eemaHa NMHeNHbIN. CTauMOHapHan TeOpUA BO3MYLLEHUI oNA
BbIPOXKAEHHOIO ypoBHA I PeKT 3eemaHa KBaApaTUYHbIN

Nlekuuna

Teopusa paccesHMA. AMNAUTYAA U ceyeHne paccesHus. BopHoBcKoe
npubnaunkeHune. T-matpuua. Pasosan Teopus pacceaHms.
OnTuyeckan Teopema. PacceaHue Ha TBepaoW cdepe.

Jlekyma

HecTauMoHapHan Teopus BO3MYLLLEHWI. BepoATHOCTb M CKOPOCTb
KBAHTOBbIX MepPexoA0B AR PA3/IMYHbIX TUMNOB HECTALLMOHAPHbIX
BO3MYLLEHWUI. 3on0Toe npasuno Pepmu. NMpasuna otbopa gan
ONTUYECKUX Nepexonos. MeaieHHble Bo3MyLLeHUA, dasa beppw.

Nlekyma

ToxkaecTBeHHble YacTUupbl. ObmeHHoe B3anmogaeincTeme. NMoTeHumManbHbIn
0b6MEeH B CUCTEME C LLEHTPA/IbHbIM KY/JIOHOBCKMM NOTEHLMANOM, NPaBU/IO
XyHaa (sbiBoa). Monekyna Bogopoaa. 3dPpeKkTUBHbIN raMuibTOHNAH
ler3eHbepra. PacuienneHne sHepreTMYeCcKnx ypoBHe No CyMmapHoOMYy
CMUHOBOMY MOMEHTY. DHEPIUA U BOIHOBbIE GYHKUMU TPUNNETHOTO U
CUHINIETHOTO COCTOSIHUIA.

Jlekuma

10

MWHUMaNbHbIE MOAENN METOAA CUIbHOM CBA3KN. DU3NYECKME NPUUUNHDI
obpaszoBaHua xummyeckomn ceasn. Mogenb Xabbapaa. BoiumcneHume
3HepPrMm 1 BONHOBbIX PYKHLNIN HU3KOIHEPreTUYECKMUX COCTOAHUM C
nomoubto downfolding. OgHouacTuHan dyHKUMA FprUHA. CBA3b GYHKLNK
lPMHa C NIOTHOCTbIO COCTOAHMI. KocBEHHOE 0BMEHHOE B3aMMOAENCTBME
B CUCTEME C ABYMA Y3/1aMM.

Jlekuma

11

BTopunyHoe KBaHTOBaHMe. BonHOBas GpyHKUMA B NpeacTaBNeHUU
BTOPUYHOIO KBAaHTOBaHMA. paBmnaa KOMMyTauuKn AN8 onepaTopos
POXAEHUA U YHUUTOXKEHMA. BbiparkeHWe onepaTopos GpUsmMyeckunx
HabAoAaeMbIX B NpeacTaBNeHNN BTOPUYHOIO KBAHTOBAHMA.
FaMUNbTOHMAH NPUBAMKEHMA CUNBbHOM CBA3KU B NPeACTaBNeHUN
BTOPMYHOIO KBAaHTOBaHMA. PacyeT aHepreTMYecKoro cneKkTpa
O4HOMEPHOW LLEMOYKM.

Jlekyma

12

sp3-rnbpuamsauma. Buag BoaHOBOM GYHKLMN OCHOBHOMO COCTOAHMA.
lpadeH. FTamUnbTOHWAH B MOAENU CU/IbHOW CBA3W B MPUBIMKEHUU
HecBA3aHHbIX NogpeLleToK. FaMUAbTOHMaH rpadeHa B MMMY/IbCHOM
npeacTaBieHun. BbiBog NMHEMHOro sHepreTMYeCcKoro cnekTpa B
oKpecTHocTM K-Touku. MceBaocnuH B rpadeHe. CBA3b NceBAOCNMHA C
KBasumMmnynbcom. MceBAoCnmH B ABYXYPOBHEBOM CUCTEME.

Jlekuma

13

YpaBHeHue [lupaka B 04HOMEPHOM U TPEXMEPHOM c/lyyae. BbiBos,
ypaBHeHus Maynaun. Pa3noxKeHne no cteneHam v/c, penaTuBMUCTCKue
nonpasKku. CNnuH-opbuTanbHoe B3aumogaencTeune. KneiHoBcKkoe
TyHHennpoBaHue. KpaeBoe COCTOAHME Ha rPaHMLLE MaTepPUanoB C PasHbIM
3HaKom maccbl. CBA3b MHBEPCUM 30HHOM CTPYKTYPbI CO CNUH-
opb6uTanbHbIM B3anmoaencTamem. CBA3b CNUHA C UMNY/IbCOM B KPaeBOM

Nlekuusa




COCTOAHNN.

14

Teopema bnoxa. k=p Teopua BoO3myLLEHWI C y4ETOM CNNUH-O0POUTA/IBHOTO
B3aMmoeincTBnA. PacueT aHepreTMyeckoro cnekTpa u appeKTUBHOM
MACCbl 3/IEKTPOHOB, JIETKMX U TAXKENbIX AbIPOK. PacwennexHne
3HepreTMyeckMx NoA30H 3a CHET BHYTPU3OHHbIX MATPUYHbIX 3/IEMEHTOB,
NINHelHble no k charaemble. CNMH-opbuTanbHOE B3aMmogelctane Pawobbl
n [lpeccenbxaysa. CBA3b cpegHero CnmMHa ¢ KBasMnMMmMyabCOM.

Nlekuuna

15

CuMMmeTpus NO OTHOLLEHUIO K MHBEPCUM BpemeHu. CBolcTBa onepaTopa
nHBepcum BpemeHun. Teopema Kpamepca. CUMMeTPUA NO OTHOLLEHUIO K
NPOCTPAHCTBEHHON UHBEPCUK. JInHelHble No k charaemble,
06ycnoBneHHble CNUH-0POUTaIbHBIM B3aUMOLENCTBMEM C TOUKM 3peHMUA
CUMMETPUN K NHBEPCUM BPEMEHMU U NPOCTPAHCTBEHHON MHBEPCUN.

Nlekuuna

16

MNpeactasnenuns Wpeaunnrepa, MenseHbepra. npeacrasneHne
B3aMmogecTeus. Monesble onepaTopbl. BoiparkeHne onepaTopos
du13nyecknx Habnrogaemblx Yepes nonesble onepatopbl. PyHKUMA [PUHA
MHOTFO4YacTUYHOM cuctemMbl. CBA3b Habaogaembix ¢ pyHKUMen MpuHa.

Jlekyma

Detailed content and structure with sectioning of lectures/seminars:

Operators and observables. Wave function uncertainty principle. The
non-stationary Schrédinger equation. Time evolution Precession is a spin
in a magnetic field. The problem of neutrino oscillations.

lecture

Discrete spectrum. Quantum well with infinite walls and finite depth. Real
guantum wells in heterostructures. Heterostructures with inverse band
structure. The problem of the critical thickness of the HgTe / CdTe
guantum well. Analogy between modes in a dielectric waveguide and a
carrier wave function in a one-dimensional potential well.

lecture

Tunneling through a potential barrier. The equation of continuity and
conservation of flow. The transfer matrix method. Particle tunneling.
Breit-Wigner resonant tunneling, the derivation of the transmission
coefficient.

lecture

Electron motion in a magnetic field. Landau levels. Transformation of the
wave function when changing the calibration of the vector potential.
Integer quantum Hall effect. The wave function of an electronin a
magnetic field in the two-dimensional case. Magnetic length.
Quantization of transverse conductivity. Edge states.

lecture

The angular momentum operator as a generator of rotations. The
derivation of the basic properties of the angular momentum operator
from the commutation relations of turns. Orbital moment and spin.

lecture

Stationary perturbation theory. Quantum-dimensional Stark effect in LED
heterostructures. Spin in a magnetic field. Zeeman effect linear.
Stationary perturbation theory for a degenerate level. Zeeman effect
guadratic

lecture

Scattering theory. Amplitude and scattering cross section. Born
approximation. T-matrix Phase scattering theory.
Optical theorem. Scattering on a hard sphere.

lecture

Non-stationary perturbation theory. The probability and rate of quantum
transitions for various types of nonstationary perturbations. Fermi's
golden rule. Selection rules for optical transitions. Slow disturbances,

lecture




Berry phase..

Identical particles. Exchange interaction. Potential exchange in a system
with a central Coulomb potential, Hund's rule (inference). Hydrogen
molecule Effective Heisenberg Hamiltonian. Splitting of energy levels by
the total spin moment. Energy and wave functions of the triplet and
singlet states.

Lecture

10

Minimal models of the strong coupling method. Physical causes of
chemical bonding. Hubbard model. Calculation of energy and wave
functions for low-energy states using downfolding. Single-particle Green
function. Connection of the Green function with the density of states.
Indirect exchange interaction in a two-node system.

Lecture

11

Secondary quantization. Wave function in the secondary quantization
representation. Switching rules for operators of birth and destruction.
The expression of the operators of physical observables in the second
guantization representation. Hamiltonian of strong coupling
approximation in the representation of secondary quantization.
Calculation of the energy spectrum of a one-dimensional chain.

Lecture

12

sp3 hybridization. View of the ground state wave function. Graphene.
Hamiltonian in the strong coupling model in the approximation of
uncoupled sublattices. Graphene Hamiltonian in the momentum
representation. Derivation of the linear energy spectrum in the vicinity of
the K-point. Pseudospin in graphene. Connection of pseudospin with
guasi-momentum. Pseudospin in a two-tier system.

Lecture

13

Dirac equation in one-dimensional and three-dimensional case.
Derivation of the Pauli equation. Expansion in v / c powers, relativistic
corrections. Spin-orbit interaction. Klein tunneling. Edge state at the
boundary of materials with a different mass sign. Connection of band
structure inversion with spin-orbit interaction. Spin-momentum locking in
the edge state.

Lecture

14

Bloch theorem. k=p perturbation theory with account for spin-orbit
interaction. Calculation of the energy spectrum and the effective mass of
electrons, light and heavy holes. The splitting of energy subbands due to
intraband matrix elements, linear in k terms. Spin-orbit interaction of
Rashba and Dresselhaus. Connection of the average back with a quasi-
momentum.

Lecture

15

Symmetry with respect to time inversion. Properties of the time inversion
operator. Kramers theorem. Symmetry with respect to spatial inversion.
Linear in k terms, due to spin-orbit interaction from the point of view of
symmetries to time inversion and spatial inversion.

lecture

16

Schrodinger, Heisenberg. interaction representations. Field operators.
The expression of operators of physical observables through field
operators. Green’s function of multiparticle system. Connection of the
observed with the Green’s function.

Lecture




6. PeKomeHp0BaHHaA AuTepaTypa:

1) KBaHTOBaA mexaHuKa. (2-e u3a.) /1. Wnudd — M.: U , 1959 — ISBN 978-0070856431.
2) KBaHTOBaA MexaHWKa (HepenaTUBUCTCKan Teopua). — M3aaHue 6-e, ncnpasaeHHoe. /

Nanpay, N. 4., Indwuy, E. M. — M.: dusmataut, 2004. — 800 c. — («TeopeTuyeckas

¢dum3uka», Tom ). — ISBN 5-9221-0530-2.

3) 3agaun no KBaHTOBOM mexaHuKe / B.M. Fanuukuii, .M. KapHakos, B.U. KoraH, M.:Hayka,
2001 - 301 c.: un. ISBN: 5-02-014365-0.

4) KsaHTOBas mexaHuKa (3-e u3a) / A.C. fasbigos - C.-Metepbypr.: 6XB-MeTtepbypr, 2011 -
704 c.: un. ISBN: 978-5-9775-0548-2.

5) Quantum Mechanics /D. H. MclIntyre - Pearson. 2014 - 815 c un. ISBN 978-4-292-02083-

6) Modern quantum mechanics. - 2nd ed. / J,J. Sakurai, J. Napolitano, — Addison-Wesley,
2011.-550 p. — ISBN: 978-0-8053-8291-4.

7) Quantum Mechanics. A New Introduction/ K.Konishi, G.Pafutti - Oxford University Press,
2009 - 778 c. un. ISBN 978-0-19-956026-4

8) KBaHTOBas mexaHuKa : Kypc nekumin / B. B. Kucenes. - Mocksa : M3gatensctso MLIHMO,
2009. - 560 c. : un. ; ISBN 978-5-94057-497-2

9) 3a4aun No KBAHTOBOM mexaHuKe : [B 2 T.] / 3. ®atorre ; Mocksa : URSS, T. 1.-2009. - 341 c.
:un. - ISBN 978-5-382-01090-8 :

10) Introduction to quantum mechanics / D. Griffiths (2nd Edition), Pearson, 2014 - 469 c. un.
-ISBN 978-0131118928

7. NMpeaBapuTenbHO NPoiiAeHHbIe Kypcbl, HeobxoaMmble ANa n3ydeHusa npegmerta: obuian
dM13MKa, KBAaHTOBAA MeXaHMKa
Course prerequisites: general physics, quantum mechanics

8. KaK oueHunBaeTca ycneBaemocTb Mo Kypcy:

MaKcumanbHoe KonundectBo 6an10B 3a Kypc 100
MakcumanbHoe Konmyectso 6annos 3a peweHue 33434 0
MakcumanbHoe Konmyectso 6annoB 3a BbICTYNAEHWE Ha CEMUHApe 0
MakcmanbHoe Konmyectso 6an10B 3a NPaKTUYECKyto paboTy 20
MakcmanbHoe KonmyecTBo 6an10B 3a GUHAbHbIN YCTHBIN 3K3aMeH 80

Grading policy:

Highest final grade for the course 100
Highest final grade for the problem solving 0
Highest final grade for the talk at the seminar 0
Highest final grade for the practicum 20
Highest final grade for the final oral exam 80




